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Tom tat

Muc tiéu chinh ctia bai bao nay la thuc hién mot
hé thong tich hop INS/GPS theo cau tric tich hop
chat tng dung trong méi truong do thi. Trong Ky thuat
tich hop nay, cac thong tin vé& khoang cach céc vé tinh
PR va tan sé Doppler quan sat dwoc tir thiét bi thu
GPS s& duogc xur ly va tinh toan riéng ng véi moi vé
tinh, nham dé xac dinh duoc mé hinh do ludong cua hé
théng. Cac gia tri gia téc, van tdc goc va tir truong tir
INS duoc s dung nhu la mo6 hinh qua trinh cua hé
thdng. Bo loc Kalman mo rong duoc thiét ké trén mo
hinh 23 bién trang thai dé udc luong vi tri, van téc,
nhidu nén INS, va sai s6 xung nhip cua thiét bj thu
GPS. Viéc thtr nghiém duoc thuc hién ngoai troi trong
mdi trudng d6 thi khi tin hiéu GPS bi mit ngiu nhién
dé danh gia do chinh xé4c cua hé thong. Két qua thir
nghiém chi ra ring hé théng tich hop theo cau tric
tich hop chit chinh x4c hon cau tric tich hop long khi
tin hiéu cac vé tinh khong du dé thiét bj thu xac dinh
guy dao va chi con nhan dugc 2 hoic 3 vé tinh.
T khéa: Tich hgp chiat GPS/INS, wde luong toa do,
b6 loc Kalman mé rong.

Abstract:

This paper presents implementation of a GPS/INS
tightly-coupled system in urban environments. In this
integration scheme, information of satellite distance
and Doppler frequency is extracted and calculated for
measurement model in the integration system.
Accleration, gyroscope and magnetic value from INS
is used for process model. An 23-state extended
Kalman filter is formulated to estimate postion,
velocity, bias, scale factor, and clock error. The
experiment is carried out door in urban environmetns,
where GPS signals are randomly lost, in order to
evaluate algorithm’s accuracy. The experimental
results have shown the GPS/INS tightly-coupled
integration gives better performance that the GPS/INS
loosely-coupled integration.

Keywords: tightly coupled GPS/INS integration,
attitude estimation, extended Kalman filter.

Ky hiéu:

Kyhigu Donvi Y nghia

F,GH Ma tran mé hinh

QR Ma tran hiép phuong sai nhiéu
X Bién trang thai mo hinh

e Nhiéu do luong
VCCA-2015

q Phurong sai nhiéu

s Do léch chuan nhiu

t s Thoi gian tuong quan nhiéu

r Vector vi tri dia ly

P m Vector vi tri theo hé ENU

v m/s Vector vén téc

W rad/s Van téc goc quay

W Ma tran chéo cua van téc géc

R Ma tran chuyén hé truc

LC,TC Loosely coupled, Tightly
coupled

Chir viet tat:

INS Inertial Navigation Systems

GPS Global Positioning Systems

ENU Earth-North-Up

DCM Direct Cosin Matrix

ECEF Earth Centered Earth Fixed

PVT Position-Velocity-Time

PR Pseudo range

1. Gigi thiéu

Ngay nay, véi xu hudng nang cao d6 chinh xac
va tinh 6n dinh trong linh vuc dinh vi ddi tugng, hé
thdng tich hop GPS/INS tr& thanh mot dé tai nghién
ctu rat phé bién. Huéng tiép can nay giup dam bao
tinh chinh xac trong viéc xac dinh quy dao cua ddi
tugng khi thiét bi thu chi nhan duoc tin hiéu tir 3 vé
tinh tro xudng va gidp han ché cac sai sé quy dao theo
thoi gian [1].

Hién tai c6 ba kiéu tich hop cho hé thdng
GPS/INS: Tich hop long (loosely coupled), tich hop
chat (tightly coupled) va tich hop cuc ky chat (ultra-
tightly coupled) [2]. Trong cu tric tich hop long, cac
gia tri do vi tri va van téc tir thiét bj thu GPS s& tich
hop v&i mé hinh INS dé gigi han sai s6 cua mé hinh.
Do d6, ngd ra ciia hé thong nay phu thugc nhiéu vao
do chinh xac cua thiét bi thu GPS, néu thiét bi thu
GPS khéng xéac dinh dugc quy dao do bi che chan thi
hé thong nay s& mat 6n dinh chi sau mét thoi gian
ngan [3]. Véi cau trac tich hop chat, hé thong s&
khéng sir dung két qua tinh toan quy dao tur thiét bi
thu GPS, ma n6 s& nhan cac gia tri gbc cua tung vé
tinh truyén xudng thiét bi, bao gdbm khoang cach vé
tinh va tin sé Doppler. Tir cac gié tri gia tri do nay,
thuat toan udc lwong PVT dugc sir dung dé xac dinh
md hinh do ludng cho hé théng [6]. Thach thac 16n
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nhat ciia phuong phap nay 1a phai xir ly t6t viéc khir
nhi€u cua tin hi¢u vé tinh truyén xuéng nham dam
bao d¢ tin cay ciia mo hinh do lwong. Néu giai quyet
tot thach thac nay, ching ta s& cai thién duoc sai sb va
do tin cay cua hé théng khi d6i twong di vao ving tin
hiéu vé tinh khdng 6n dinh va sé vé tinh nhan dugc
nhé hon bbn vé tinh [4].

Trong vai nim tro lai day, hé théng tich hop
GPS/INS di dugc cac nha nghién ciru trong nudc xay
dung va tng dung vao thyc té. Tiéu biéu nhat trong sé
nay la dé tai KC06.02/06-10 “Nghién cuu, thiét ké,
ché tao thiét bi dinh vi vé tinh phuc vu giam sat, quan
1y phuong tién giao théng dwong bo, duong sit” cua
TS. Nguyén Thanh Hai, truong dai hoc Giao Thdng
Van Tai Ha Noi. Tuy nhién, clng vai cac céng trinh
khéc, phuong phép tich hop str dung trong hé théng la
phuong phap tich hop long. Chinh vi thé, trong bai
bao nay, hé théng tich hop INS/GPS theo céu trdc tich
hop chat duoc xdy dung va thr nghiém trong moi
trudng do thi, noi ma tin hiéu GPS bi che chén va bi
gian doan ngau nhién khi d6i tuong di chuyén.

Nghién ctru nay dugc phan thanh 2 phan chinh:
Thir nhat 1a xdy dung va thuc hién thuat toan udc
luong trong hé théng tich hop INS/GPS trén moi
truong Matlab. Thit hai 14 xy dung hé thong thu thap
dir lidu trén nén vi xir 1y dé kiém nghiém va danh gia.
Hé théng thtr nghiém dugc xay dung dua trén céc
thiét bi gia thanh thap: thiét bi thu GPS U-blox 6 va
cam bién quan tinh ADIS16405 duoc sir dung lam céac
thiét bi do trong trong md hinh GPS va INS tuong
ng. Cam bién c6 téc d6 cap nhat 100Hz, duoc sir
dung dé ude lwong vi tri va huéng cua vat; viéc uéc
luwgng hudéng sé duogc thuc hién bai 2 bo loc Kalman
dua trén céc gié tri ngd vao gia téc, van téc géc va tir

truong [5]. Thiét bi thu GPS cung cap gié tri gdc tir
tin higu vé tinh vai tan sb cap nhat 1a 5Hz. Nhiing dix
licu thir nghiém duoc thu thap khi d6i tugng di
chuyén ngoal troi, sau do s€ dua vao bo uge luong dé
danh gia chét luong cua hai cau trac tich hop chat va
tich hop long.

Céu trdc cua bai b4o gdm cac phan nhu sau: Phan
2 khai quat vé cau tric md hinh INS két hop bo wdc
lwong hudéng, cau tric tich hop chat va ciu trdc tich
hop long. Phan 3 md ta hé thong thir nghiém. Phan 4
trinh bay két qua va danh gia chét luong cua hai cau
trac tich hop chat va tich hop long. Phan 5 néu két
luan va huéng phét trién cua d¢é tai nghién ctu.

2. M6 hinh tich hgp GPS/INS

2.1 Céu trac mé hinh INS

Bai todn INS dat ra lIa phai xac dinh qui dao
chuyén dong cua vat dua trén cc gia tri gia téc va van
tbc goc giri vé. M6 hinh chuyén dong cua ddi tuong
trong hé toa d6 ENU dugc dua ra trong nghién cuu
cua Shin 2001 [7] va EI-Sheimy 2004 [9]. Tuy nhién,
trong md hinh INS cua cac nghién ctu nay, ma tran
xoay DCM duoc cap nhat truc tlep tir cac gia tri gia
tdc va van téc goc cua cam bién, dong thoi phu thuge
vao vi tri va van téc ngd ra, dan dén sai sé lon va tich
lity theo thoi gian. Chinh vi thé, trong nghién ciru nay,
mo hinh INS nhu mé ta ¢ hinh H.1 dugc thay ddi Véi
mot bo wée lwong hudng doc lap dé xac dinh ma tran
xoay DCM lam cho sai s6 ngd ra khdng anh huong
dén ma tran nay, nhimg wu diém khi sir dung két hop
b6 udc lugng hudng dugc néu trong tai liéu tham
khao [5].

Huong
Van tog
. . . Vi tri
Giatoc [ > > O > O >
i v
vantée || Boudc Trong truong va
goc luong huéng van toc goc theo [«
vi tri va van toc.
Tir truong 1

H. 1 Thugt toan INS.

M0 hinh chuyén dong cua dbi twong trong hé toa do
ENU dugc biéu dién nhu sau [6]:

580 & 3% : o
RE= RO (W + WLV + 0" ()
"o RWL-w) 5 @

Trong do:
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e Phuongtrinh (1): r" =] |
cua ddi twong; gém vi do6, kinh do va do6 cao,
vi=e VY, ]lavan tée cia déi tugng, D
la ma tran chuyén déi van toc trong hé truc
ENU sang toc d6 thay doi trong hé toa do dia ly,

e Phuong trinh (2): V& la gia téc trong hé truc
ENU, f"

g" 1a véc to gia toc trong truong, W, la ma

h]1a vi tri dia ly

la véc to gia tdc do duoc tir cam bién,
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tran chéo cua véc to W, (tbc do quay cua trai

dat biéu dién trong h¢ truc ENU), W, 1a ma

tran chéo ciia véc to wj, (toc do quay cua hé
truc ENU &ng vai hé truc ECEF biéu dién trong
hé truc ENU),

e Phuong trinh (3): W, Ia ma tran chéo cua véc
to wh (1 tdc do quay cua hé truc body-frame
ung vai hé truc ECI biéu dién trong hé truc
body-frame), W, 1a ma tran chéo cua véc to
WP (1a tbe d6 quay cua hé truc ENU tng véi hé
truc ECI biéu dién trong hé truc body-frame)

Vi cac thiét bi hoat dong trén mién thoi gian roi
rac nén van toc va vi tri ctia doi tuong chuyén dong
dugc roi rac héa voi thoi gian 1dy mau Dt nhu sau
[7]:

n _ .,n n n
Vo1 = Ve T DV, » v + 8Dt

2.2 CAu tric tich hep chat
Trong bai bao nay, phuong phap tich hop GPS/INS
theo cdu trdc tich hop chat duoc thyc hién vai 23
bién trang thai va sir dung bd loc Kalman dé udc
luong cac bién trang thai nay. Hai mo hinh duoc
dua vao bd loc bao gdm: mé hinh qua trinh duoc
thiét 1ap dua trén mo hinh dong hoc INS, va md
hinh do luong dua trén mé hinh GPS PVT [6] dugc
xac dinh tir cac thong s6 cua tirng vé tinh. Ciu tric
ctiia mé hinh dugc néu ra ¢ hinh H.2, trong cau hinh
ndy PR va PR twong ung Ia khoang cach vé tinh
dén thiét bi thu va tc do thay ddi cua no.

Phuong trinh trang thai cia m6 hinh qué trinh
duoc biéu dién nhu sau:

Xe Fx+ Gu (5)
V6i F la ma tran dong hoc mo hinh, x 1a véc to
trang thai, G 1a ma tran dau vao nhiéu md hinh, u
1a véc to nhidu do ludng trong cam bién quén tinh.
Biéu thirc ctia chung duoc biéu dién bén dudi:

4
Ry = 1+ 05D (v + vy, )Dt ®
Hiéu chinh vi tri, van téc va hudng cta INS.
¢ Hiéu chinh bias, scale factor ctia IMU.
MU Gia toc Thuat toin Vi tri, vén toc va huéng
Van toc goc, INS _
. . [ PR,..PR,.
Tu truong
- Bo loc
Vé tinh
S Kalman
PR, PR
[
oPS PR, Doppler, Thuét toan GPS PVT
Tham sb quy GPS
dao vé tinh 7y Hiéu chinh clock bias, clock drift
H. 2 Cdu trdc tich hop chdt.
, . T
dx=gP" ov" 1" db, doydS, dS; d(Clty) d(cdtyq ) (6)
gFPP I:Pv FPe 03x3 O3x3 03><3 03x3 O3x1 O3x1];]
ngP FW I:ve Rt:] 03x3 RSFb 03x3 03)(1 03)(13
gFeP Fev Fee 03><3 Rl:r»] 03x3 Rt? Vvlkk: 03x1 03x13
3)3x3 03x3 03x3 bba 03x3 03x3 03x3 03)(1 03)(13
F= @m O3 Ogis Oy bbg 033 03 050 03x1§ (7
ésxa O3 Ogs 05 0Oy b, 033 05, 03’(13
§)3x3 03x3 03x3 03x3 03><3 03x3 bSQ 03x1 03x13
g)lx3 01x3 01x3 01x3 01><3 01x3 01x3 1 0 }j
g)1x3 01x3 01><3 01><3 01><3 01x3 01x3 0 1 E
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Vector trang thai bao gom: sai s6 vi tri dP", sai s6
van téc dv" trong hé truc ENU, sai s6 huéng 1 , sai
s6 bias cua gia toc db, va van toc goc db, , sai s6
scale factor cua gia téc dS, va van téc goc dS,
clock bias d(Caty, ) va clock drift d(cdt,, ) cua

thiét vi thu.
Vector u la nhiéu tring, va ma tran hiép
phuong sai cua nhiéu duoc xac dinh nhu sau:

offset

Q=diag(d, Uy O Oy G Usg); 9)
2
- Zi_ (10)

V6i s 1a @6 léch chuan cua nhidu, t 1a thoi gian
tuong quan, 0,,d;, Gys 0y sar Osy 1@ phuong sai
cua gia téc, van téc goc, bias va scale factor cua
ching. Céc gid tri nay duoc xac dinh tr dac tinh
cam bién cua nha san xuat.

Tiép theo, mé hinh do ludng dua trén mé hinh
GPS PVT [6], duoc biéu dién nhu sau:

T o EBHowo Lo

Trong do, H 1a ma tran dinh hinh, z la vector do
luong, e 1a nhiu do luong c6 ma tran hiép phuong
sai R,; PR va PR tuong Ging 1a khoang céch vé
tinh do va tdc do thay dbi cua né.

éPR' PRleg
q € u
2= ¢ v (12)
P PR
(<]
é .

Sau khi thanh lap dugc hai md hinh cua hé
thdng, bd loc Kalman duoc st dung dé tich hop hai
mo hinh véi nhau, nhim wdc lugng véc to trang
théi; tir do xac dinh duoc cac gia tri hiéu chinh sai
s6 cho hé théng. Bo loc Kalman la cong cu duoc
ting dung rong rai trong cac bai toan khir nhiéu
trong hé thong do ludng. Qué trinh thyuc hién cia bo
loc dwoc chia 1am 2 giai doan: Giai doan tién dy
bdo cac trang thai (the prediction stage) va giai
doan cép nhat trang thai (the update stage). Cac giali
doan thuc hién nay duoc khai quét trong bang B.1.

B.1 Cé&c giai dogn thuc hién bg loc Kalman.

VCCA-2015

©)

K = B H (HkPk- Hy + Rk)-l
Prediction

stage %= %+ Ky (20 HX)

R = (I - Kka)Pk-

Update Kee1 = AR+ B,
stage P.,= ARAT + Q,

2.3 Céu trc tich hep léng

Bai bao nay dwa ra ciu truc tich hop long nham
so sanh vai cau tric tich hop chat. Véi cau tric nay,
bién trang thai cia mé hinh chi con 21 trang thai,
bo qua clock bias va clock drift cua thiét bi thu va
khong thé hiéu chinh thuat todn GPS. M6 hinh qua
trinh va mo hinh do luong cua hé théng dugc mé ta
nhu sau:

e Fx+ Gu
(13)
) z= Hx+e
O day,
, A J
dx=gP" v 1" db, db, ds, ds 4
(14)
g:PP FPV FPe 03X3 O3X3 03X3 03X3 g
Fe R Re R 0y RIEY 0Oy Y
gFEP Fev Fee 03)(3 Rl? 03)(3 Rl;] Wﬁ) 3
F= g)sxa, 036 O3s Dy O35 Oy 03 3
&3)(3 03><3 03)(3 03x3 bbg 03)(3 03x3 E
5o Oss One Og Ope by O
Faxs Oz Oss Ogs O3 Oy bsg H
(15)
g’)&(i’: 03)(3 03)(3 03)(3 03x3 O3x3g
gRS 03)(3 03)(3 03X3 03)(3 03)(33
@3% Rbn 03)(3 03)(3 03x3 03x3g
Q= g)e.xa Oss lae Oss s Osxsg (16)
&3)(3 03><3 03)(3 |3x3 03x3 03)(33
&3)(3 O3X3 03X3 03X3 |3X3 03X33
g)sxs O3x3 O3x3 03x3 03x3 |3x3 g
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- -
dz = ?GPS - EINSE (17)
— n n

8VYeps \LNS 8

Qs O Ogusl
H= Q3)(3 3x3 SXlSU (18)

3)3><3 |3><3 03x155

Trong d6, ma tran hiép phuong sai nhiéu md hinh
Q, duoc tinh giéng nhu cau trac tich hop chat. Bén
canh d6, ma tran hiép phuong sai R, cua nhiéu do
luong c6 thé tim dugc bang thuc nghiém tir viéc thu
thap dix liéu tai mot vi tri co:

R = diag (5 5SS iaiS miSkiS ) (19)
Trong truong hop ndy, bo loc Kalman van dugc st
dung dé udce lugng cac bien trang thai dé hi¢u chinh
lai cac sai so cua hé thong.

3. M0 hinh thi nghiém

Cam bién quan tinh dugc sir dung la thiét bi
ADIS16405. Cac thanh phan chinh cua IMU da
dugc néu trong bang B.2. Cam bién ADIS16405 c6
kich thudc nhé va nhe; c6 thé cung cip cac gié tri
bu sai s cua gia téc va van toc goc theo nhiét do.
Tam do gia tdc va van tdc goc cia cam bién twong
ng 13 18g va 300%s; dit lidu truyén caa IMU gdm
c6 gia téc goc, van toc goc, tir truong va &p Suat.
Dir liéu truyén thong qua chuan truyén SPI. Trong
thir nghiém nay téc do cap nhat di liéu cia IMU
duoc cai dat la 100Hz.

Thiét bi thu GPS sir dung thiét bi cua U-blox, ma
thiét bi 1a LEA-6T-1-001. Thiét bj nay chi c6 kha
nang thu duoc tan s L1. Trong thir nghiém nay téc
d6 cap nhat dir liéu ctia GPS duoc cai dat l1a 5Hz.
Céc dir liéu tir cam bién quén tinh va thiét bi thu s&
dugc liy ddng bo thong qua vi xi Iy ARM Cortex
M4 (STM32F4); sau khi dir liéu duoc xu 1y ddng
bo s& duoc truyén 1én may tinh luu trir dé thuc hién
thuat toan. Thiét bi tich hop duoc két ndi thanh
khéi va dong goi nhu trong hinh H.3.

H. 3 Thiét bj INS/GPS (trai) — Ublox6 GPS (phdi)

B. 2 Bdng thdng s6 co ban ciia ADIS16405

Density noise 0.0 Density noise 0.05

(mg/ﬂ) 5 (°/s/ﬁ)

Accelerometer Gyroscope

Bias offset (mg) | 50 | Bias offset (°/s) 3
Bias drift (mg) | 0.2 | Biasdrift ((%s) | 0.007
Scale factor 50 Scale factor 40

(PPM/°C) (PPM/°C)
Output noise 0.9 Output noise 0.9
(mg) (° / s)

VCCA-2015

Tur c4c thong sé cau cam bién quén tinh trong tai
liéu cua ADIS16405, ta xac dinh duoc Cac gia tri
cua ma tran hiép phuong sai Q, nhu sau:

g, = 0.5(mg/ﬁ)= 5e- 4(g/\/E)
9, = 0.05(0/3/\M)

Sy, = 0.2(mg) = 2e- 4(g) = 0.002(m/s?)

t,, = 200s b q,=4e- 8

Sy, = 0.007(°/s)

t,, = 300s b q, = 3.27e- 7
s, = 40(PPM /° C).40(°C)= 1600(PPM)
t,, = 1000s b g, =5.12%- 9
s, = 50(PPM /°C).40(°C)= 2000(PPM)
t, = 1000s b q,=8e-9

Céc dir liéu thu thap s& dwoc dong bo va gui
1én may tinh dé luu trit va xa ly. Trong thir nghiém,
dir liéu duoc thu thap & duong bao san golf Him
Lam (canh san bay Tan Son Nhit). Poan duong
khoang 4km, dugc di theo duong cong khép kin,
cing mot dia diém bét dau va két thac; trén doan
duong ¢6 4 lan r& huéng va 2 lan quay dau xe, thoi
gian ldy mau la 432.07s. Hinh H.5 mé ta quy dao
tham khao trén Google Earth.

H. 4 Quy dgo tham khdo trén Google Earth

4. Thuc nghiém va két qua

Pé danh gia hai thuat toan tich lop long 21
bién trang thai (LC21) va tich lop chat 23 bién
trang thai (TC23), ta s& kiém tra chdng trong hai
truong hop khi tin hiéu GPS én dinh va khong 6n
dinh.

Trudng hop tin hiéu thu GPS 6n dinh, két qua
nhan dugc tir hai thuat toan dwoc néu ra trong cac
hinh H.6 va bang B.3, B.4. Buong mau do “ref” la
quy dao tham khao, dudng mau xanh lyc la quy dao
ude luong tir thuat toan LC21, va dudng mau xanh
14 1a quy dao udc lugng tir thuat toan TC23.
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H. 5 Quy dao uéc lwong theo LC21 va TC23

B.3 Sai ss theo LC21 khi tin higu vé tinh 6n dinh.

Sai s6 RMS

East North Up

Vi tri (m) 0.2058 0.2040 0.0517

vantéc (m/s) | 01275 | 0.1333 | 0.0769

B. 4 Sai sé theo TC23 khi tin higu vé tinh 6n dinh.

Sai s6 RMS

East North Up

Vi tri (m) 3.0668 4.6046 11.5206

vantéc (m/s) | 0.1709 0.1723 0.2829

Tir céc két qua trén ta thiy rang sai s6 RMS
cua vi tri theo huéng East va North cua thuat toan
TC23 so véi quy dao tham khao tuong d6i nho, va
nhu hinh H.3 céc quy dao chong khit 1én nhau. Xét
vé d6 cao, két qua thuat toan LC21 bam séat theo
quy dao tham khao hon quy dao tir thuat toan
TC21. C6 thé giai thich nguyén nhan cho didu nay
la cac ngudn gay ra sai s6 GPS van chua duoc hiéu
chinh t6t nhat dan dén sai sé cua khoang céch vé
tinh PR va tan s Doppler, bai diéu kién méi truong
xung quanh va sy thay ddi thyc té cua bau khi
quyén trai dat. Tuy nhién, nhu ban dau da dé cap,
néu tin hiéu vé tinh chat lugng tét thi phuong phap
két hop long c6 thé cho két qua rét tét; nhung &
nhitng noi tin hiéu vé tinh khéng on dinh thi
phuong phap nay khong dat do tin cdy cao vi lic do6
n6 phu thudc vao chat luong cuia md hinh INS. Do
d6, dé danh gia tot hon hai phuong phép nay ta
kiém tra ching khi tin hiéu vé tinh bi mat.

Trudng hop tin hiéu GPS bj mit va s6 vé tinh
nhan dugc nho hon 4, ta st dung dir liéu thu thap
dugc va 1am mét GPS trén mot s6 doan duong (ca
duong thing 13n nga r&). Sau do, ca hai thuat toan
dugc thuc hién va kiém tra sai sé theo cac hudng
East-North-Up dé danh gi4 gia thuat toan. Hinh H.7
mo ta nhitng doan dudng GPS bi mat, véi mau do
biéu dién c6 tin hiéu GPS, mau den biéu didn mat
GPS.

Trong trudng hop bi mat GPS, wu diém cua
thuat toan TC23 la van sir dung gia tri do luong cua
mot s& vé tinh, trong khi d6 thuat toan LC21 khong
sir dung dugc gia tri nao cho mo hinh do luong va
chi phu thudc vao d6 chinh xac cia mé hinh INS.

VCCA-2015

Chinh vi thé, trong truong hop nay, ta danh gia hai
thuat toan LC21 va TC23 khi GPS chi con nhan
duoc tinh hiéu cua 3 hoac 2 vé tinh.

Khi thiét bi thu chi nhan dwgc tin hiéu cua 3 vé
tinh, két qua udc luong tir hai mé hinh duoc biéu
dién ¢ cac hinh H.8 — H.10 va bang B.5 — B.6 duéi
day.

H. 6 Vi tri GPS bi mdt (mau den)

\ V

H. 7 Quy dao theo LC21 va TC23 khi nhgn 3 vé tinh.

H. 8 Sai sé vi tri theo LC21 va TC23 khi nhén 3 vé tinh.

H.9 Sai sé vdn toc theo LC21 va TC23 khi nhdn 3 vé
tinh.
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B.5 Sai sé theo LC21 khi nhén tin hiéu 3 vé tinh.

Sai s6 RMS
East North Up
Vi tri (m) 20.0751 | 25.5909 | 18.2401
Van toc (m/s) 3.6610 3.8624 5.5753
Sai s6 RMS
East North Up
Vi tri (m) 17.2389 | 13.0869 | 21.1925
Van toc (m/s) 3.2313 2.2047 2.6002

B.6 Sai sé theo TC23 khi nhdn tin hiéu 3 vé tinh.

Trong truong hgp chi con nhan dwoc tin hiéu 3
vé tinh, tir cac két qua o trén ta thdy thuat toan
TC23 tét hon so v6i LC21, quy dao wde luong tir
thuat toan TC23 bam vao quy dao tham khao nhiéu
hon, nhu trong hinh H.8, H.9 va H.10; tit ca cac gia
tri sai s6 Vé vi tri va van téc (dwoc néu trong bang
B.5 va B.6) cua thuat toan TC23 déu bé hon sai s6
cia md hinh LC21. Tir d6 cho thay trong trudng
hop chi con tin hiéu 3 vé tinh thi md hinh TC23 tét
hon va dang tin cdy hon m6 hinh LC21.

Khi thiét bi thu chi nhan dwgc tin hiéu cua 2 vé
tinh, két qua uéc luong tir hai mé hinh duoc biéu
dién ¢ céac hinh H.11, H.12, H.13 va bang B.7, B.8.

.71

H. 11 Sai sé vi tri theo LC21 va TC23 khi nhdn 2 v¢é
tinh.

VCCA-2015

y
Tl

H 12 Sai 56 vdn téc theo LC21 va TC23 khi nhdn 2 vé
tinh.

B.7 Sai sé theo LC21 khi nhdn tin hiéu 2 vé tinh.

Sai s6 RMS

East North Up

Vi tri (m) 20.0751 | 25.5909 | 18.2401

Van téc (m/s) 3.6610 3.8624 | 5.5753

B.8 Sai s theo TC23 khi nhdn tin hiéu 2 vé tinh.

Sai s6 RMS

East North Up

Vi tri (m) 1.8862 4.2944 10.4788

vantéc (m/s) | 02241 | 05538 | 1.7025

So sénh két qua trong trudng hop chi con tin
hiéu cua 2 vé tinh so vai con 3 vé tinh, thi rd rang
chat lugng cua thuat toan TC23 khong tét hon va
céc sai s tang 1én; ching t6 anh huéng cua sb
lugng Vé tinh trong md hinh. Tuy nhién, néu xét vai
thuat toan LC21, thi tir bang B.7 va B.8 cho thiy
chit lugng cua thuat toan TC23 van tét hon so véi
LC21. Hinh 5.19 I biéu d6 sai s6 RMS cta hai md
hinh LC21 va TC23, tir d6 ta co thé danh gia hai
mo hinh trong thur nghiém 1 tryc quan hon.

®LCT_GPS Fx

"2

£ »IC2S_snlhs_Isal
V_Easng V_ NN | TRUIGUY ~

H. 13 Biéu do sai s6 RMS cua hai md hinh LC21 va
TC23

5. Két luan

Trong bai b&o nay, nhdm téc gia da xay dung
dugc md hinh tich hgp GPS/INS theo ca hai
phuong phap két hop long va két hop chat. Tac gia
cling da xay dung dugc hé thng thu thap dir liu dé
danh gia mé hinh, da giai ma dugc cac théng tin
GPS can thiét va hiéu chinh sai s cia né. Tuy
nhién, viéc giai quyét anh huong cua cac sai s6 do
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mdi truong xung quanh van chua triét dé; didu do
dugc chimg minh trong truong hop tin GPS 6n dinh
md hinh két hop chat van con sai léch Ion hon so
v6i md hinh két hop long. Trong truong hop thong
tin quy dao cua thiét bi thu bi mat, chi con nhan
duoc tin hiéu cua 3 hodc 2 vé tinh, thi két qua udc
luong cua md hinh tich hop theo ciu tric két hop
chat tét hon cau tric két hop long. Chat luong cua
moé hinh két hop chat phu thugc vao sé luong vé
tinh ma thiét bi thu GPS nhan duoc; néu sb vé tinh
cang Ién thi d6 tin ciy cia mdi truong cang cao.
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